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Answer ALL Questions 
 
The Questions should be answered in the Answer Booklet provided. 
 
Marks for each question are indicated.   
 
Total Marks = 100 
 
 
Question 1              (20 marks) 
 
Figure 1 is a schematic representation of a furnace in which a liquid stream is heated 
using fuel gas. Changes in heat input requirements to maintain the temperature are 
addressed by manipulating the fuel gas flowrate. It is decided that the best way to control 
the outlet temperature of the liquid is by using a cascade control system. 
 
 
Figure 1. Furnace in which cold liquid is heated using fuel gas. 
 
(a) Identify the primary and secondary controlled variable for the cascade control 
scheme.  (Marks: 5) 
 
(b) Draw the P&ID for this process including the cascade control scheme. Label the 
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Question 2              (30 marks) 
 
Consider the process vessel shown in Figure 2 where a liquid feed is heated using an 
electric heater in a tank where the liquid volume is held constant. The response of outlet 
temperature in the Laplace domain is given by: 
  ( )  
 
    
   ( )  
 
   




where the prime on the variables denote that they are deviation variables and τ is the time 





where    is the volumetric flowrate of the feed. 
Data:   
Feed flowrate = 200 kg min
-1
; Liquid volume = 1000 litre 
Outlet temperature = 80
0







Density of the liquid ρ = 1 kg/litre. 
 
Figure 2. Heating of liquid in a tank with constant holdup. 
(a) Draw a block diagram for the response of the system. (Marks: 10) 
(b) If the feed temperature stays constant while the heat input undergoes a step increase 
of 2520 kJ/min, show that the time response of the outlet temperature is given by, 
 ( )         (    
 
 ) (Marks: 20) 
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Question 3              (25 marks) 
 
(a) Figure 3 is as schematic of a tank containing liquid connected to a DP cell. The cell 
is located below the bottom tap with its low pressure side connected via a wet leg to 
the overhead space of the tank. The wet leg contains a liquid with specific gravity of 
1.4 and the liquid in the tank has specific gravity of 1. Determine the calibration span 
points for the DP Cell if the output signal is 4 – 20 mA. 






(b) A filled-bulb thermometer contains a gas at a fixed volume with a pressure of 150 
kPa at 20 
0
C. Calculate the temperature in 
0
C if the pressure in the detector has 
increased to 200 kPa. Assume ideal gas behavior.  (Marks: 10) 
 
(c) A Pitot tube with a coefficient of 0.97 is used to measure the velocity of air in a 
ventilation duct. The differential pressure head is 0.9 m. Calculate the air velocity. 




Lmin = 0 m 
L
max




h= 1.5 m 
d = 0.2 m 
Figure 3. Pressure measurement using a below the level dP cell with a wet leg. 
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Question 4              (25 marks) 
 
(a) Describe briefly the operating principle of a bubbler system for measuring liquid 
level. What are the advantages and disadvantages of this type of measurement 
system? (Marks: 10) 
 
(b) Give a brief description of pH electrode systems and their applications. (Marks: 10) 
 
(c) List 3 common types of positive displacement flowmeters. (Marks: 5) 
 
 
 
 
 
 
 
 
 
 
